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(54) Electromagnetic driving device for a fluid control valve 



(57) in an electromagnetic driving device, a fixing 
core (13) has a housing portion (14), in which a plunger 
(1 7) is housed to reciprocatingiy move, and an attracting 
portion (16) toward which the plunger is attracted upon 
energizing a coil (20). The housing portion is provided 
with a ring portion (15) : which is formed by machining 
an outer circumference wall thereof and whose thick- 
ness is thinner than that of a part of the housing portion 
adjacent to the ring portion to an extent that mechanical 
strength of the housing portion is not damaged practi- 
cally. The ring portion is provided with a plurality of 
through-holes (1 5a) penetrating radially the wall thereof. 
Amagnetic flux area of the ring portion is limited due to 
the thin wall and the through-holes so that magnetic re- 
sistance is enlarged. 
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Description 

[0001] The present invention relates to an electro- 
magnetic driving device in which a housing portion re- 
ceiving a movable element and an attracting portion at- 5 
tracting the movable element are integrally formed, a flu- 
id control valve having the electromagnetic driving de- 
vice and a method of manufacturing the electromagnetic 
driving device. 

[0002] In a conventional electromagnetic driving de- w 
vice having a fixing core in which a housing portion re- 
ceiving a movable element and an attracting portion at- 
tracting the movable element are formed with separate 
pieces, axial centers of the housing portion and the at- 
tracting portion are likely to be offset due to their assem- 15 
bly errors. Therefore, not to disturb a reciprocal move- 
ment of the movable element even if the axial centers 
of the housing and attracting portions are offset to a cer- 
tain extent, radial air gaps between the housing portion 
and the movable element and between the attracting 20 
portion and the movable element are larger by an offset 
amount of the axial centers thereof. Since larger air gap 
causes a reduction of attracting force, a more coil wind- 
ing turn is required to secure a predetermined attracting 
force. Increasing the coil winding turn makes a body of 25 
the electromagnetic driving device larger. 
[0003] To eliminate the offset of the axial centers of 
the housing and attracting portions, as disclosed in JP- 
A-1 1-500509 and JP-A-7-189852, is known an electro- 
magnetic driving device in which the housing and at- 30 
tracting portions are integrally formed, for example, by 
machining. However, when the housing and attracting 
portions are integrally formed, magnetic flux generated 
upon energizing the coil are likely to pass directly be- 
tween the housing portion and the attracting portion, not 35 
through the moving element so that the attracting force 
is limited. 

[0004] A valve disclosed in JP-A-11 -500509 is provid- 
ed between the housing and attracting portions with a 
thin thickness throttling portion having a narrow area 40 
through which magnetic flux pass for enlarging magnet- 
ic resistance. The throttling portion serves to limit the 
magnetic flux passing directly between the housing por- 
tion and the attracting portion so that the attracting force 
of the movable element may be secured. 45 
[0005] To limit the magnetic flux passing directly be- 
tween the housing and attracting portions to an extent 
that the attracting force is sufficiently secured, the thick- 
ness of the throttling portion has to be remarkably thin. 
Thinner the thickness, a mechanical strength of the_ so 
throttle portion is weakerso that the housing portion may 
be damaged. 

[0006] Further, an electromagnetic actuator disclosed 
in JP-A-7-189852 is provided in a part of the housing 
portion with a non-magnetic material portion for enlarg- 55 
ingthe magnetic resistance. In this case, if the non-mag- 
netic material portion is formed by diffusing the non- 
magnetic material, for example, by laser radiation, a sur- 



face of the non-magnetic material portion tends to be 
rough. As the non-magnetic portion in the actuator dis- 
closed in JP-A-7-189852 is not in slidable contact with 
the moving element, the movement of the movable ele- 
ment is not disturbed even if an inner circumferential 
wall of the non-magnetic portion is rough. However in 
the electromagnetic actuator in which the non-magnetic 
material portion comes in slidable contact with the mov- 
able element, the rough surface of the non-magnetic 
portion causes likely to disturb a smooth movement of 
the movable element. 

[0007] An object of the invention is to provide an elec- 
tromagnetic driving device that is compact and gener- 
ates a large attracting force without damaging a housing 
portion of a fixing core. 

[0008] It is another object of the invention to provide 
a fluid control valve having the electromagnetic driving 
device in which a driving force to a movable element is 
stronger without enlarging a body thereof. 
[0009] Further, it is a further object to provide a meth- 
od of manufacturing the electromagnetic driving device. 
[0010] To achieve the above objects, in an electro- 
magnetic driving device having a coil, a movable ele- 
ment, and a fixing element having a housing portion in 
which the movable element is housed to reciprocatingly 
move, and an attracting portion toward which the mov- 
able element is attracted by magnetic flux to be gener- 
ated upon energizing the coil, the housing portion is pro- 
vided at a position radially opposed to the movable ele- 
ment with a ring portion, and the housing portion and 
the attracting portion are integrally formed. With the de- 
vice mentioned above, the ring portion is provided with 
at least one of through-holes radially penetrating a wall 
thereof. 

[0011] As the housing and attracting portions are in- 
tegrally formed and worked continuously by machining. 
Accordingly, the offset of the axial centers of the housing 
and attracting portions may be eliminated. This will re- 
sult in minimizing radial air gaps between the housing 
portion and the movable element and between the at- 
tracting portion and the movable element so that an at- 
tracting force between the attracting portion and the 
movable element may be increased. 
[0012] Further, one or more through-holes are formed 
to enlarge magnetic resistance of the ring portion so that 
magnetic flux flowing directly between the integrally 
formed housing and attracting portions is limited. The 
magnetic resistance may be increased by adjusting a 
number and each diameter of the through-holes without 
reducing a thickness of the ring portion. Therefore, a 
mechanical strength of the housing portion is assured 
and the housing portion is prevented from being dam- 
aged. 

[0013] Instead of one or more of the through-holes, 
the ring portion may be provided on inner or outer cir- 
cumferential surface with one or more recesses or ring 
shaped grooves for enlarging magnetic resistance of the 
ring portion. The magnetic resistance may be increased 
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by adjusting a number, each depth and largeness 
(width) of the recesses or ring shaped grooves without 
reducing a thickness of the ring portion. 
[0014] Further, to enlarge magnetic resistance of the 
ring portion, the ring portion may be provided on an outer 
circumferential surface with a non-magnetic diffusion 
layer. Since non-magnetic material is not diffused on an 
inner circumferential surface of the ring portion, the in- 
ner circumferential surface of the ring portion is not 
rough but smooth so that a smooth slidable movement 
between the movable element and the ring portion may 
be assured. 

[0015] Furthermore, to enlarge magnetic resistance 
of the ring portion, the ring portion may be provided with 
a non-magnetic substance formed by inducing strains 
in metallographycal structure of the ring portion, for ex- 
ample, based on work hardening by pressing. 
[0016] It is preferable that a thickness of the wall of 
the ring portion is thinner that that of the housing portion 
ax i ally adjacent thereto to an extent that a mechanical 
strength of the ring portion is not damaged practically. 
This will contribute to enlarge magnetic resistance of the 
ring portion, too. 

[0017] As a method of manufacturing the magnetic 
driving device, it is preferable that after forming one or 
more through-holes radially penetrating a wail of the ring 
portion, resin molding is executed on an outer circum- 
ferential surface of the fixing core including the ring por- 
tion, while the through-hole is closed with a blocking 
member abutting on an inner circumferential wall of the 
ring portion. As a result, resin is not leaked via the 
through-hole to an inside of the ring portion. 
[001 8] Further, it is another method that, after making 
a radial thickness of the ring portion thinner than that of 
a part of the housing portion axially adjacent thereto, 
resin molding is executed on an outer circumferential 
surface of the fixing core including the ring portion, while 
the ring portion is supported by a blocking member abut- 
ting on an inner circumferential wall of the ring portion 
so that the ring portion is prevented from deforming due 
to resin pressure. 

[0019] Other features and advantages of the present 
invention will be appreciated, as well as methods of op- 
eration and the function of the related parts, from a study 
of the following detailed description, the appended 
claims, and the drawings, all of which form a part of this 
application. In the drawings: 

Fig. 1 is across sectional view showing a fluid con- 
trol valve according to a first embodiment of the 
present invention; 

Fig. 2 is an enlarged view of a ring portion according 
to the first embodiment; 

Fig. 3A is a cross sectional view of a fixing core be- 
fore the fixing core is filled with resin for forming an 
inner circumference spool thereon according to a 
manufacturing method of the first embodiment; 
Fig. 3B is a cross sectional view of a fixing core after 



the fixing core is filled with resin for forming an inner 
circumference spool thereon according to the man- 
ufacturing method of the first embodiment; 
Fig. 4 is a cross sectional view of a fixing core after 

5 thefixingcore is filled with resin forformingan inner 
circumference spool thereon according to a first 
modified manufacturing method; 
Fig. 5 is a cross sectional view of a fixing core after 
thefixingcore is filled with resin for forming an inner 

10 circumference spool thereon according to a second 
modified manufacturing method; 
Fig. 6 is a front view showing an outer wall of the 
fixing core according to the second modified man- 
ufacturing method; 

*5 Fig. 7 is an enlarged cross sectional view of a ring 
portion according to a second embodiment of the 
present invention; 

Fig. 8 is an enlarged cross sectional view of a ring 
portion according to a third embodiment of the 
20 present invention; 

Fig. 9 is an enlarged cross sectional view of a ring 
portion according to a fourth embodiment of the 
present invention; and 

Fig. 1 0 is an enlarged cross sectional view of a ring 
25 portion according to a fifth embodiment of the 
present invention. 

[0020] A plurality of preferred embodiments of the 
present invention are described with reference to draw- 
so ings. 

(First embodiment) 

[0021] Fig. 1 shows a fluid control valve according to 

35 a first embodiment of the present invention. 

[0022] The fluid control valve 1 is a spool type hydrau- 
lic control valve for controlling operating oil to be sup- 
plied to a hydraulic control apparatus of an automatic 
transmission for a vehicle. 

40 [0023] A linear solenoid 1 0, which serves as an elec- 
tromagnetic driving device, is composed of a cylindrical 
yoke 11, an end plate 12, a fixing core 13, a plunger 17, 
a shaft 1 8 and a coil 20. The yoke 11 , the end plate 12 
and the fixing core 13 constitute a fixing element and 

45 the plunger 17 and the shaft 18 constitute a movable 
element. The yoke 11 , the end plate 12, the fixing core 
13 and plunger 17 are made of magnetic material. The 
fixing core 13 is fixed between the end plate 12 and a 
spool housing 31 , in which a spool 30 is siidably and 

so reciprocatingly held, in such a man ner that both ends of 
the yoke 11 crimp the respective circumferential periph- 
eries of the spool housing 31 and the end plate 12. 
[0024] The fixing core has a housing portion 14, in 
which the plunger is housed so as to reciprocatingly 

55 move, and an attracting portion 16, which generates a 
magnetic attracting force for attracting the plunger 17. 
To prevent the plunger 17 from being adhered to the 
housing portion 14, an inner circumferential surface of 
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the housing portion 14 or an outer circumferential sur- 
face of the plunger is coated or plated with non-magnetic 
material. 

[0025] As shown in Fig. 2, the housing portion 14 is 
provided at a position facing radially the plunger 1 7 with 
a ring portion 15. The ring portion 15 is formed by ma- 
chining in a ring shape an outer circumferential wall of 
the housing portion 14. A thickness of the ring portion 
15 is thinner than that of the housing portion 14 axially 
adjacent thereto to an extent that a required mechanical 
strength of the housing portion 14 is not damaged. The 
ring portion 1 5 is provided with a plurality of radially pen- 
etrating through-holes 15a. As the ring portion 15 is thin 
and has a plurality of the through-holes 15a, an area of 
the ring portion 15 through which magnetic flux pass is 
narrowed and limited. The through-holes 15a are pro- 
vided by laser radiation, machining, press working or 
water jet working. 

[0026] As shown in Fig. 1, the attracting portion 16 
has an opposing portion 16a, which is axially opposed 
to the plunger 17, and a taper portion 16b, which is lo- 
cated between the opposing portion 16a and the ring 
portion 1 5 and whose diameter is smaller toward the op- 
posing portion 1 6a. The plunger 1 7 is provided at an end 
thereof on a side of the opposing portion 1 6a with a taper 
portion 17a whose diameter is smaller toward the at- 
tracting portion 19. 

[0027] The shaft 1 8 is press fitted into the plunger 1 7 
and moves reciprocatingly together with the plunger 1 7. 
An end of the shaft 18 abuts on an end of the spool 30. 
[0028] The coil 20 is formed in a cylindrical shape by 
resin molding and fixed by the yoke 11 and the fixing 
core 13. When current is supplied to the coil 20 from a 
terminal (not shown) connected in circuit with the coil 
20, magnetic flux flows through a magnetic circuit con- 
stituted by the yoke 11, the plunger 17 and the fixing 
core 1 3 so that an attracting force is generated between 
the attracting portion 16 of the fixing core 13 and the 
plunger 1 7. Accordingly, the plunger 1 7 and the shaft 1 8 
move downward in Fig. 1 . The downward movement of 
the plunger 1 7 in Fig. 1 is restricted by a stopper 19. 
[0029] The spool housing 31 holds the spool 30 so 
that the spool 30 moves reciprocatingly therein. The 
spool housing 31 is provided with an input port 32, an 
output port 33 ; a feedback port 34 and an ejecting port 

35. Operating oil is supplied and input to the input port 

32 by a pump from a tank (not shown). The operating 
oil is supplied to an engaging device of an automatic 
trans mission (not shown) from the output port 33. The 
output port 33 is in communication with the feedback 
port 34 at a portion outside the fluid control valve 1 so 
that a part of operating oil flew out from the output port 

33 is introduced to the feedback port 34. The feedback 
port 34 is in communication with a feedback chamber 

36. The operating oil is ejected from the ejecting port 35 
to the tank. 

[0030] The spool 30 is provided in order from an op- 
posite side of the linear solenoid valve 1 0 with a large 



diameter land 37, a large diameter land 38 and a small 
diameter land 39. A diameter of the small diameter land 
39 is smaller than that of the large diameter land 37 or 
38. The spool 30 is always in contact with the shaft 18 
5 of the linear solenoid 1 0. The movement of the plunger 
1 7 is transmitted via the shaft 1 8 to the spool so that the 
spool 30 moves reciprocatingly in the spool housing 31 . 
[0031] A spring 40, which is disposed on an opposite 
side of the linear solenoid 10 and serves as biasing 
10 means, urges the spool 30 toward the linear solenoid 1 0 . 
[0032] The feedback chamber 36 is located between 
the large diameter land 38 and the small diameter land 
39 to each of which a force responsive to an outer di- 
ameter thereof due to hydraulic oil in the feedback 
*5 chamber 38 is applied. Accordingly, the hydraulic oil in 
the feedback chamber 38 urges the spool 30 in an op- 
posite direction of the linear solenoid 10 . Feedback of 
a part of the hydraulic oil output by the fluid control valve 
1 serves to prevent output pressure from fluctuating due 
20 to a fluctuation of hydraulic pressure to be supplied or 
input. The spool 30 is at rest at a position where the 
biasing force of the spring 40 is balanced with a force of 
plunger 17 urging the spool 30 due to the electromag- 
netic attracting force generated in the fixing core 13 
25 based on the current supplied to the coil and a force 
which the spool 30 receives from the hydraulic oil in the 
feedback chamber 36. 

[0033] An amount of operating oil flowing from the in- 
put port 32 to the output port 33 depends on a seal length 

so representing a length by which the an inner circumfer- 
ential wall 31 a of the spool housing 31 and an outer cir- 
cumferential wall of the large diameter land 38 overlap 
each other. As the seal length is shorter, the amount of 
operating oil flowing from the input port 32 to the output 

35 port 33 more increases. On the contrary, as the seal 
length is longer, the amount of operating oil flowing from 
the input port 32 to the output port 33 more decreases. 
Similarly, an amount of operating oil flowing from the 
output port 33 to the ejecting port 35 depends on the 

^0 seal length with respect to an inner circumferential wall 
31 b of th e spool housing 31 and an outer circumferential 
wall of the large diameter land 37. 
[0034] An operation of the fluid control valve 1 is de- 
scribed next. 

45 

(1 ) On de-energizing the coil 

[0035] As shown in Fig. 1 , when the coil 20 is not en- 
ergized, the spool 30 is at rest at a position where the 

so biasing force of the spring 40 is balanced with a feed- 
back force of the hydraulic oil. The input port 32 is in 
communication with the output port and the amount of 
operating oil flowing from the input port 32 to the output 
port 33 more increases. As the ejecting port 35 is closed 

55 so that hydraulic pressure of the operating oil supplied 
to the automatic transmission shows maximum. 
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(2) On energizing the coil 

[0036] When the coil energized, the magnetic flux 
flowing between the housing and attracting portions 14 
and 16 is limited since the ring portion 15 acts as the 
magnetic resistance. Accordingly, the magnetic flux 
flows between the housing portion 14 and the plunger 
1 7 and between the taper portions 1 7a of the plunger 
17 and 16b of the attracting portion 16. The magnetic 
flux passing directly between the housing and the at- 
tracting portions 14 and 16 not via the plunger 17 but 
via the ring portion 1 5 does not exert a force of attracting 
the plunger 17. As the magnetic flux is prevented from 
flowing directly between the housing and the attracting 
force 14 and 16, the force of attracting the plunger 17 
more increases. 

[0037] Upon energizing the coil 20, the plunger 17 is 
attracted to the attracting portion 1 6 against the biasing 
force of the spring 40 so that the spool 30 moves down- 
ward in Fig. 1 . As the seal length with respect to the 
inner circumferential wall 31a and the larger diameter 
land 38 becomes longer and the inner circumferential 
wall 31 b and the large diameter land 37 becomes short- 
er, the amount of operating oil flowing from the input port 

32 to the output port 33 more decreases and the amount 
of operating oil flowing from the output port 33 to the 
ejecting port 35 more increases . Accordingly hydraulic 
pressure of the operating oil flew out from the output port 

33 decreases. 

[0038] On the contrary, when the spool 30 is moved 
toward the linear solenoid 1 0, the seal length with re- 
spect to the inner circumferential wall 31a and the larger 
diameter land 38 becomes shorter and the inner circum- 
ferential wall 31b and the large diameter land 37 be- 
comes longer so that the amount of operating oil flowing 
from the input port 32 to the output port 33 more increas- 
es and the amount of operating oil flowing from the out- 
put port 33 to the ejecting port 35 more decreases. Ac- 
cordingly, hydraulic pressure of the operating oil flew out 
from the output port 33 increases. 
[0039] In the fluid control valve 1 , the linear solenoid 
10 is operative to adjust a force of urging the spool 30 
toward the linear solenoid 10 by controlling current to 
be supplied to the coil 20 so that hydraulic pressure of 
operating oil flew out from the output port 33 is adjusted. 
As an amount of current supplied to the coil 20 increas- 
es, the electromagnetic attracting force of the attracting 
portion 1 6 increases in proportion to the current amount 
so that an urging force of the shaft 1 8 for moving the 
spool 30 in an opposite direction to the linear solenoid 
10. The spool 30 comes at rest at a position where the 
force acting from the plunger 1 7 to the spool 30 due to 
the electromagnetic attracting force and the force of urg- 
ing the spool 30 in an opposite direction to the linear 
solenoid 1 0 due to the hydraulic pressure of feed backed 
operating oil are balanced with the biasing force of the 
spring 40. Accordingly, the hydraulic pressure of oper- 
ating oil flew out from the output port 33 decreases in 
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proportion to the amount of current supplied to the coil 
20. 

[0040] Next, a method of manufacturing an inner cir- 
cumference spool 21, on which the coil 20 is wound, 
5 around the fixing core 1 3 of the first embodiment. 

(1 ) As shown in Fig. 3A, the thin thickness ring por- 
tion 1 5 is provided with the through-holes 1 5a. A pin 
100 is inserted into an inner circumference of the 

10 housing portion 1 4 to constitute a blocking member 
for closing openings of the through-holes 15a. 

(2) An outer circumference of the fixing core 13 is 
filled with resin so that the inner circumference 
spool on which the coil 20 is wound is formed. 

*s (3) After the resin has hardened, the pin 100 is 
pulled out, as shown in Fig. 3B. 
(4) After winding the coil 20 on the inner circumfer- 
ence spool 21 , outer circumference of the coil 20 is 
further filled with resin. 

20 

(Modification 1) 

[0041] A first modified method of manufacturing the 
inner circumference spool 21 is described with refer- 

25 ence to Fig. 4. Instead of inserting the pin 100 into the 
housing portion 14, operating oil 111 is supplied to an 
inside of a cylindrical cap member 1 1 0 and a cylindrical 
side wall of the cylindrical cap member is held inside the 
housing portion 14 by hydraulic pressure of operating 

30 oil 111 so that a resin leakage from the through-holes 
15a is prevented. The cylindrical cap member 110 and 
the operating oil 111 constitute the blocking member. 

(Modification 2) 

35 

[0042] A second modified method of manufacturing 
the inner circumference spool 21 is described with ref- 
erence to Figs . 5 and 6. 

40 (1) A pin 120 is inserted into the housing portion 14. 
An outer diameter of the pin 120 is nearly equal to 
or slightly smaller than an inner diameter of the 
housing portion 14. The pin 120 is provided with a 
slit 121 extending diametrically and axially and a ta- 
<5 pered surface spreading partly from the slit 121 on 
an opening side of the slit 121 . The ring portion 15 
is provided at positions facing openings of the slit 
121 opened radially with the through-holes 15a, as 
shown in Fig. 6. 
50 (2) A wedge rod 125 is pushed against the taper 
surface 122 of the pin 120 from a side opposite to 
an inserting side of the pin 1 20. The pin 1 20 and the 
wedge rod 1 25 constitute the blocking member. The 
wedge rod 125 is provided at an end thereof with a 
55 taper surface 126 whose inclination angle is ap- 
proximately similar to that of tha taper surface 122 
of the pin 120. As the taper surface 126 of the 
wedge rod 125 is pushed against the taper surface 
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1 22 of the pin 1 20, the pin 1 20 receives force acting 
in a direction of pushing and spreading radially out- 
wardly the pin 120 so that a leakage of resin from 
the through-holes 15a is prevented. 



[0043] According to the method of manufacturing the 
inner circumference spool 21 mentioned above, the 
blocking member serves to close the through-holes 1 5a 
to prevent the resin for forming the inner circumference 
spool 21 from being leaked from the trough-holes 15. 10 
Accordingly, the resin never disturbs a reciprocal move- 
ment of the plunger 1 7. Further, the blocking member 
not only closes the through-holes 1 5a but also supports 
the thin thickness ring portion 15 from an inside thereof 
so that the ring portion 15 is prevented from deforming is 
due to pressure to be generated when the resin hard- 
ens. 

[0044] The method of manufacturing the inner circum- 
ference spool 21 mentioned above is applicable not only 
to the first embodiment in which the through-holes 1 5a 20 
are formed in the ring portion 15 but also any of second 
to fifth embodiments hereinafter. 



(Second embodiment) 

[0045] A second embodiment of the present invention 
is described with reference to Fig. 7. Substantially same 
structure and portions as the first embodiment are af- 
fixed with the same reference numbers thereof. 
[0046] According to the second embodiment, an outer 
circumferential wall of the ring portion 15 has a plurality 
of recesses 50. The recesses 50 are formed by laser 
radiation, form rolling or press working. The recesses 
50 on the thin thickness ring portion 1 5 serves to reduce 
a magnetic circuit area and to enlarge a magnetic re- 
sistance. 

(Third embodiment) 

[0047] A third embodiment of the present invention is 
described with reference to Fig. 8. Substantially same 
structure and portions as the first embodiment are af- 
fixed with the same reference numbers thereof. 
According to the third embodiment, an outer circumfer- 
ential wall of the ring portion 15 has a plurality of ring 
shaped grooves 55. The ring shaped grooves 55 are 
formed by laser radiation, machining or form rolling. The 
ring shaped grooves 55 on the thin thickness ring portion 
15 serves to reduce a magnetic circuit area and to en- 
large a magnetic resistance. 

[0048] In the first to third embodiments mentioned 
above, instead of forming the thin thickness ring portion 
15 by machining the outer circumference thereof, the 
thin thickness ring portion 1 5 may be formed by machin- 
ing an inner circumference thereof. Further, in the sec- 
ond or third embodiment, instead of forming the recess- 
es 50 or the ring shaped grooves 55 on the outer cir- 
cumference of the ring portion 15, the recesses 50 or 



the ring shaped grooves 55 are formed on an inner cir- 
cumference or on both of inner and outer circumferenc- 
es of the ring portion 15. 

5 (Fourth embodiment) 



25 



30 



50 



[0049] A fourth embodiment of the present invention 
is described with reference to Fig. 9. Substantially same 
structure and portions as the first embodiment are af- 
fixed with the same reference numbers thereof. A non- 
magnetic diffusion layer 60 is provided in the thin thick- 
ness ring portion 1 5 by diffusing non-magnetic material 
to an outer circumference thereof to enlarge the mag- 
netic resistance of the ring portion 1 5. As the non-mag- 
netic material is not diffused to an inner circumference 
of the ring portion 15, an inner circumferential surface 
of the ring portion 15, which is in slidable contact with 
the movable element, is prevented from becoming 
rough. Accordingly, the movable element smoolhly 
moves in the ring portion 1 5. The following methods may 
be contemplated for diffusing the non -magnetic material 
to the ring portion 15. 

(1) To diffuse non-magnetic material in a gas envi- 
ronment by laser radiation. 

(2) To diffuse solid-state non-magnetic material by 
laser radiation. 

(3) To diffuse non-magnetic material in a gas envi- 
ronment by shot blast. 

(4) To diffuse non-magnetic material by melting in- 
jection. 



(Fifth embodiment) 

35 [0050] A fourth embodiment of the present invention 
is described with reference to Fig. 10. Substantially 
same structure and portions as the first embodiment are 
affixed with the same reference numbers thereof. Ac- 
cording to the fifth embodiment, a non-magnetic portion 

40 65 is formed to enlarge the magnetic resistance in the 
thin thickness ring shaped portion 1 5 by inducing strains 
in metallographical structure of the ring portion 15. The 
following methods may be contemplated for inducing 
the strains in metallographical structure of the ring por- 
tion15. 



(1) To induce strains based on work hardening by 
form rolling. 

(2) To induce strains based on work hardening by 
press working. 

(3) To induce strains based on resin pressure to be 
generated when the coil is fixed by resin. 

(4) To induce strains based on heat by laser radia- 
tion. 



55 



[0051] According to the embodiments mentioned 
above, as the housing and attracting portions 14 and 16 
of the fixing core are integrally provided, the radial air 
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gap between the plunger 17 and the fixing element is 
small to a minimum extent. Further, as the thin thickness 
ring portion 1 5 has means for enlarging magnetic resist- 
ance as mentioned in the above embodiments, magnet- 
ic flux flowing directly between the housing and attract- 5 
ing portions 1 4 and 1 6 is limited. Accordingly, the attract- 
ing force to the plunger increases without enlarging the 
body of the electromagnetic driving device or the fluid 
control valve. Furthermore, even if the thickness of the 
ring portion is thicker, compared with that of the conven- 10 
tional ring portion by which the magnetic resistance is 
enlarged, the ring portion of the present invention can 
secure the same magnetic resistance as the conven- 
tional ring portion. Moreover, the thicker ring portion 
serves to more increase the mechanical strength of the is 
ring portion, which prevents the housing portion from be- 
ing damaged. 

[0052] In the embodiments mentioned above, instead 
of making the thickness of the ring portion 15, the ring 
portion 1 5 may be provided without forming the thin por- 20 
tion thereof by adjusting (1 ) a total number and each 
diameter of the through-holes, (2) a total number, each 
depth and each largeness of the recesses 50, (3) a total 
number, each width and each depth of the ring shaped 
grooves 55, (4) depth by which the non-magnetic mate- 25 
rial is diffused or (5) largeness of the strains. 
[0053] The electromagnetic driving device of the 
present invention is applicable not only to the electro- 
magnetic driving apparatus having the spool type hy- 
draulic control valve but also to any other type of elec- 30 
tromagnetic driving apparatus having fluid control valve 
or device in which the attracting force to the movable 
element is larger without enlarging the body thereof. 
[0054] In an electromagnetic driving device, a fixing 
core (13) has a housing portion (14), in which a plunger 
(1 7) is housed to reciprocatingly move, and an attracting 
portion (16) toward which the plunger is attracted upon 
energizing a coil (20). The housing portion is provided 
with a ring portion (15) : which is formed by machining 
an outer circumference wall thereof and whose thick- 
ness is thinner than that of a part of the housing portion 
adjacent to the ring portion to an extent that mechanical 
strength of the housing portion is not damaged practi- 
cally. The ring portion is provided with a plurality of 
through-holes (1 5a) penetrating radially the wall thereof. 
Amagnetic flux area of the ring portion is limited due to 
the thin wall and the through-holes so that magnetic re- 
sistance is enlarged. 



Claims 

1 . An electromagnetic driving device comprising; 
a coil (20); 

a movable element (17,18); and 

a fixing element (11,12,13) having a housing 

portion (14) in which the movable element is 



housed to reciprocatingly move, and an attract- 
ing portion (1 6) toward which the movable ele- 
ment is attracted by magnetic flux to be gener- 
ated upon energizing the coil, wherein the 
housing portion is provided at a position thereof 
radially opposed to the movable element with 
a ring portion (15), and the housing portion and 
the attracting portion are integrally formed, and , 
further, 

wherein the ring portion is provided with at least 
one of through-holes (15a) radially penetrating 
a wall thereof. 

2. An electromagnetic driving device comprising: 

a coil (20); 

a movable element (17,18); and 
a fixing element (11 ,12,13)having a housing 
portion (14) in which the movable element is 
housed to reciprocatingly move, and an attract- 
ing portion (16) toward which the movable ele- 
ment is attracted by magnetic flux to be gener- 
ated upon energizing the coil, wherein the 
housing portion is provided at a position thereof 
radially opposed to the movable element with 
a ring portion (15), and the housing portion and 
the attracting portion are integrally formed, and, 
further, 

wherein the ring portion is provided on at least 
one of inner and outer circumferential surfaces 
with at least one of recesses (50). 

3. An electromagnetic driving device comprising; 



35 a coil (20); 

a movable element (17.18); and 
a fixing element (11 ,12,13)having a housing 
portion (14) in which the movable element is 
housed to reciprocatingly move, and an attract- 
40 jng portion (16)toward which the movable ele- 

ment is attracted by magnetic flux to be gener- 
ated upon energizing the coil, wherein the 
housing portion is provided at a position radially 
opposed to the movable element with a ring 
45 portion (15), and the housing portion and the 

attracting portion are integrally formed, and, 
further, 

wherein the ring portion is provided on at least 
one of inner and outer circumferential surfaces 
50 with at least one of ring shaped grooves (55). 

4. An electromagnetic driving device comprising: 

a coil (20); 

55 a movable element (17,18); and 

a fixing element (11,12,13) having a housing 
portion (14) in which the movable element is 
housed to reciprocatingly move, and an attract- 
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ing portion (1 6) toward which the movable ele- 
ment is attracted by magnetic flux to be gener- 
ated upon energizing the coil, wherein the 
housing portion is provided at a position radially 
opposed to the movable element with a ring s 
portion (15), and the housing portion and the 
attracting portion are integrally formed, and, 
further, 

wherein the ring portion is provided on an outer 
circumferential surface with a non-magnetic dif- 10 
fusion layer (60). 

5. An electromagnetic driving device comprising; 

a coil (20); 15 
a movable element (17,18); and 
a fixing element (11,12,13) having a housing 
portion (14) in which the movable element is 
housed Lo reciprocalingly move, and an attract- 
ing portion (1 6) toward which the movable ele- 20 9. 
ment is attracted by magnetic flux to be gener- 
ated upon energizing the coil, wherein the 
housing portion is provided at a position radially 
opposed to the movable element with a ring 
portion (15), and the housing portion and the 25 
attracting portion are integrally formed, and, 
further, 

wherein the ring portion is provided with a non- 
magnetic substance (65) formrd by inducing 
strains in metallographycal structure of the ring 30 
portion. 



6. 



An electromagnetic driving device according to any 
one of claims 1 to 5, wherein a thickness of the wall 
of the ring portion is thinner that that of a part of the 35 
housing portion axially adjacent thereto. 

A fluid control valve having the electromagnetic 
driving device according to any one of claims 1 to 
5, further comprising: 40 



a cylindrical housing (31) having a plurality of 
ports (32,33,34,35) through which fluid flows; 
a spool (30) being reciprocatingly moved in the 
cylindrical housing along with the movable ele- 
ment for adjusting amounts of fluid flowing 
through the respective ports; and 
biasing means (40) for urging the spool in an 
opposite direction to a direction in which the 
movable element is attracted to the attracting 
portion. 



45 
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8. A method of manufacturing an electromagnetic 
driving device having a coil (20) wound on a spool 
(21), a movable element (17,18), and a fixing ele- 
ment (11,12,13) having a housing portion (14) in 
which the movable element is housed to reciprocat- 
inglymove, and an attracting portion (16) toward 



50 
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which the movable element is attracted by magnetic 
flux to be generated upon energizing the coil, 
wherein the housing portion is provided at a position 
radially opposed to the movable element with a ring 
portion (15), andthe housing portion andthe attract- 
ing portion are integrally formed, comprising steps 
of: 

forming at least one of through-holes (15a) ra- 
dially penetrating a wall of the ring portion; and 
executing res in molding on an outer circumfer- 
ential surface of the fixing core including the 
ring portion, while the through-hole is closed 
with a blocking member (100, 110&111, 
120&125)abutting on an inner circumferential 
wall of the ring portion so that resin is not leaked 
via the through-hole to an inside of the ring por- 
tion. 

A method of manufacturing an electromagnetic 
driving device having a coil (20) wound on a spool 
(21), a movable element (17,18), and a fixing ele- 
ment (11,12,13) having a housing portion (14) in 
which the movable clement is housed to reciprocat- 
ingly move, and an attracting portion (16) toward 
which the movable element is attracted by magnetic 
flux to be generated upon energizing the coil, 
wherein the housing portion is provided at a position 
radially opposed to the movable element with a ring 
portion (15), andthe housing portion andthe attract- 
ing portion are integrally formed, comprising steps 
of: 

making a radial thickness of the ring portion 
thinner than that of a part of the housing portion 
axially adjacent thereto; and 
executing resin molding on an outer circumfer- 
ential surface of the fixing core including the 
ring portion, while the ring portion is supported 
by a blocking member (1 00,110%111 , 
120&125) abutting on an inner circumferential 
wall of the ring portion so that the ring portion 
is prevented from deforming due to resin pres- 
sure. 

A method of manufacturing an electromagnetic 
driving device according to claim 9, further compris- 
ing steps of: 

forming at least one of through-holes (1 5a) ra- 
dially penetrating a wall of the ring portion, wherein 
the blocking member closes the through-hole so 
that resin is not leaked via the through-hole to an 
inside of the ring portion. 
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